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FINAL REPORT - P.I.: Aaron Wold, Department of Chemistry. Brown University

Summary of work done under contract NOOO14-86-K-0234 during the ccntract period Hay 1,
1986 to April 30,89 plus the six month extension period ending October 30, 1989.

(See summaries from End-Of-Year Reports 1986, 1987, 1928) IR -
1o e~ \)/ ;4 g oy e
\ From the 1986 End-of-Year Report - SR PR S iy

—*Research in the area of catalysis at Brown deals with the developmenglof low’;empe;ature
synthetic methods for the preparation of well-dispersed catalysts (?eZO}, Cr,04, §h203
and (N10) on several oxide supports (Zrozi Ti07). Physical methods, sUth as =-ray
diffraction, magnetic susceptibility and temperature programmed reduction, are used to
study the interaction between the dispersed metal oxide and the support, For the
specific system Rh203/2r02, the solubility of rhodium oxide in the support was followed
as a function of the structural changes of the Zr0, as well as the stabilization of the
Rh,04 towards redvction.

iron are Fischer-Tropsch catalysts The limit of substitution was determined for samples
prepared under actual reactor condi ns and was determined from both magnetic and x-ray
analysis.

NG . v N s . . .
Phe extent of substitution of nlcke; into Fewcz’was also studied since both nickel and

'

Finally, 3 thermomagnetic balance has been constructed and is being used to determine the
nucleation and growth of catalytically active magnetic phases which can be correlated at
the same time with the temperature programi.cd reduction data,

From the 1987 End-~of-Year Report

During the past year the program underwent a change in direction. The work on the
preparation of supported catalysts for the reduction of COZ has been phased out and’} new
effort was started dealing with the chemical properties associated with the preparation
and characterization of the new superconducting oxides containing copper. This work has
resulted in our repeating what has been done to date so that our effort is at a par with
the rese~rch being done in other laboratories.

The stabiliiy problems associated with the new superconducting oxides have been studied
and a number of experiments have been conducted in an attempt to increase stability
against CO, and water attack.

From the End-of-the-Year Report 1988

'éhe project presently deals with the preparation of complex oxides of copper in order to
ascertain theweffggt\pf the A-site ion on the superconducting properties of substituted
La,Cu0y and BazYCu§O7ﬁ Thq_investigation is being extended to other oxides of copper,
e.g. Y,Cuy05 and LajyCaCuyOg. In addition, Mn effort has been started on the growth of
thin films of superconductors by the use of spray pyrolysis, Spray pyrolysis, spin
coating, and evaporated films seem to be the three viable techniques for the preparation
of well-characterized thin films of the various copper superconductors.
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In addition to the above information the following applies to work done during the
balance of the contract time period:

Samples of Laz_XBixCuO4 were prepared by codecoamposition of the nitrates in air. Single
phase products were obtalned for x 2 0.10. The substitution of bismuth for lanthanum
resulted in an increase in delocalization of holes, as indicated by increased
conductivity and a decrease in the Neél temperature. Samples were alsc annealed 1n argon
at 600°C and their properties compared with the samples as prepared in air.

The substitution of lead and cadmium for lanthanum in La,Cu0, was studied and the limites
of scolubility were established. Single phase compositions were characterized and their
physical properties were correlated with the substitution of bismuth and are interpreted
on the basis of a model proposed by Goodenough.

Members of the system Lay_vA1ixx cu206+ where A = Ca,Sr were prepared by decompositicn
of the nitratecs. The tolerance of these compounds for oxygen uptake, as well as the
substitution for the A-site ions, 1s shown to be closely related to the distribution of
the alkali earth ions on the 3- and 9-coordinated A-sites.

See Technical Reports 1-23

Technical Report 1. Preparation and Characterizati-n of Nickel
Substituted FegCy; May 198¢€.

Technical Report 2. Preparation and Characterization of Members
of the Chromium-Zirconium Oxide System;
January 19t7.

Iron(III) Oxide on Rutile; January 1987.

Technical Report 3. Preparation and Pruperties of Dispersed }_A';” “'{1 ~-~-Ej——-
1
Technical Report 4. An Examination of the Relative Stabilities ;
of Mg,Ni;_,0 and NiO on Spherocarb .
Technical Report 5. Preparation and Properties of Cubic Zr0,
Stabilized with Ni(II); May 1987.

Technical Report 6. Stabilization of Cubic Zr0, with Rh(III)
and/or La(III); May 1987. T

Technical Report 7. Preparation and Characterization of Cubic .
Zr0, Stabilized by Fe(III) amd Fe(II) '/}/{;
May 1987.

Technical Report 8. Study of the Oxidation State of Copper
in Laj gSr o,CuOy; June 1987.

Technical Report 9. Preparation and Characterization of
Co(II)/ZrOZSolid Solution; October 1937.

Technical Report 10. Preparation and Characterization of Thin
Films of Alumina by Metalorganic Chemical
Vapor Deposition; October 1987




Technical Report 11. <Chemical Problems Associated with the
Preparation and Characterization of Super-
conducting Oxides Containing Copper:
October 1987.

Technical Report 12. Preparation and Characterization of
BazYCu3O7.01(2); October 1987.

Technical Report 13. Preparation and Properties of the System
Cry_4Rh,03(22x20); January 19838

Technical Report 14. Preparation and Characterization of 2ro,
Stabilized with Ru(IV) and La(III);
January 1988.

Technical Report 15. Determination of the Homogeneity Range
of LayCu0y; July 1988.

Technical Ropo.l 156. Preparation and Characterization of
Cdq_yFe,Se Single Crystals; July 1983.

Technical Report 17. Preparation and Characterization of
Members of the Systems Cu(II)
MgO/Cu(II)ZrOz; December 1988.

Technical Report 18. Preparation and Propertizs of
Lap_4Bi,Cu04(.12x20); December 1988.

Technical Report 19. Preparation and Properties of
Laz_xAxCuO4_y Where A = Pb,C4d;
April 1989

Technical Report 20. Preparation and Characterization of Members
of the System Laz—xA1+xCU206ty Where
A = Ca,Sr; May 1989

Technical Report 21. Preparation and Characterization of
Several Concudtion Transition Metal
Oxides; May 1989

Technical Report 22. Preparation and Characteriza. of
Cu(II) Oxide; May 1989.

Technical Report 23 Preparation and Characterization of
Copper (IT) Oxide Single Crystals by
Chemical Vapor Transpoirt; May 1989

{(Note: Technical Reports 20-23 overlap with new ONR contract but
research was begun under this contra~t and reports made
accordingly.)




Journal articles published during contract period of 5-1-87 to 4-30-89

Z-D. Zhang, R. Kershaw, K. Dwight, A. Wold, Preparation and Charactsrization of MNickel
Substituted FegC,, Mater. Res. Bull., 21, 979 (1986).

M. Schwartz, R. Kershaw, K. Dwight and A. Wold, An Examination of the Relat.ve
Stabilities of Mg,Ni;_,O and NiO on Spherical Carbon Particles, Mater. Res. Bull., 22,
609 (1987).

P. Wu, R. Kershaw, K. Dwight and A. Wold, Preparation and Characterization of Members of
the Chromium-Zirconium Oxide System, J. Mat. Sci. Letts., 6, 753 (1987).

K. E. Smith, R. Kershaw, K. Dwight and A. Wold, Preparation and Properties of Cubic Zro,
Stabilized with Ni(II), Mater. Res. Bull., 22, 1125 (1987).

Y-C. Zhang, R. Kershaw, K. Dwight and A. Wold, Stakilizatieon of Cubic Zr0y with Rh(III}
and/or La(III), J. Sol. St. Chem., 72, 131 (1988).

S. Davison, R. Kershaw, K. Dwight and A. Wold, Preparation and Characterization of Cubic
Zr0, Stabilized by Fe(III) and Fe(II), J. Sol. St. Chem., 73, 47 (1988).

Y-C. Zhang, J-H. Liu, K. Dwight, P. Rieger, A. Wold, Study of the Oxidation State of
Copper in La; gSr ,Cu04, J. Sol. State. Commun., 63 (9) 765 (1987).

J. Yu, R. Kershaw, K. Dwight and A. Wold, Preparation and Properties of Dispersed
Iron{III) Oxide on Rutile, J. Sol. St. Chem.,71, 70 (1987).

P. Wu, R. Kershaw, K. Dwight and A. Wold, Preparation and Characterization of Co(II)/ZrOz
Sclid Scluticn, Mater. Res. Bull., 23, 475 (1983).

J. Fournier, W. DeSisto, R. Brusasco, R. Kershaw, J. Baglio, K. Dwight, A. Wold,
preparation and Characterization of Thin Films of Alumina by Metal Organic Chemical Vapor
Deposition. Mater. Res. Bull., 23, 31 (1988).

S. Davison, K. Smith, Y-C. Zhang, J-H Liu, R. Kershaw, K. Dwight, P.H. Rieger and A.
Wold, Chemical Problems Associated with the Preparation and Characterization of
Superconducting Oxides Containing Copper. ACS Symposium Series No. 351, (1987).

S. Davison, K. Smith, R. Kershaw, K. Dwight and A. Wold, Preparation and Characterization
of Ba YCu3O7.01(2), Mater. Res. Bull., 22 (12), 1659
{1987

Y-C. Zhang, R. Kershaw, K. Dwight and A. Wold, Preparation and Properties of the System
Cry_4Rh,03(2>x>0), J. Less Common Metals, 142, 155 (1988).

Y-C. Long, Z-D. Zhang, K. Dwight and A. Wold, Preparation and Characterization of Zro,
Stabilized with Ru(IV) and La(III), Mater. Res. Bull., 23, 631 (1988).

J. DiCarlo, C-M. Niu, K. Dwight and A. Wold, Determination of the Homogeneity of LayCuly,
ACS Symposium Series 377, 1988.

K. Smith, J. Marsella, R. Kershaw, K. Dwight and A. Wold, Preparation and
Characterization of Cd;_,Fe,Se Single Crystals, Mater. Res. Bull., 23, 1423 (1988).

X-M. Luo, P. Wu, R. Kershaw, K. Dwight and A. Wold, Preparation and Characterization of
Members of the Systems (Cu(II) MgO/Cu(II) ZrO,, Mater. Res. Bull., 23. 1719 (1988).




C-M. Niu, J. DiCarlo, K. Dwight and A. Wold, Preparation and Properties of La,_
B1xCu0y(.12x20), J. Sol. St. Chem., 78, 307 (1989).

C. M. Niu, C. H. Kim, R. Xcrshaw, K. Dwight and A. Wnld, Preparation and Properties of
Laz_xAXCu04_y Where A = Pb,Cd; J. Sol. St. Chem., §0, 201 (1989).

K. Decverspike, J-H. Liu, ¥. Dwiaght and A. Wold, Preparation and Characterization of
Members of the Systenm Laz_xA1+xCu206ty Where A = Ca,Sr; J. Sol. St. Chem., 82 30 (1989).

A. Wold and K. Dwight, rreparation and Characterization of Several Concudtion Transition
Metal Oxides; Symposium M, Materials Research Society, April 1989.

W. DeSisto, B. Collins, R. K
Characterization of Copper(I
Res. Bull., 24, 1005 (1989).

rshaw, K. Dwight and A. Wold, Preparation and
) Omide Singl= Crystals by Chemical Vapor Transport; Mater.
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B. Collins, W. DeSisto, F. Smith, R. Kershaw, K. Dwight and A. Wold, Preparation and
Characterization of Cu(II) Oxide, to be published in Journal of the Less Common Metals.

Perscnnsl receiving partial or full support by ONR during 3-year contract:
K. Dwight (Professor of Research)

Graduate Students: Fost Doctorates
P. Wu M. Schwertz
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C-H. Kim
J. Baglio (GTE Laboratories)
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